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CARACTERIZAÇÃO GEOQUIMICA E MODELAGEM DE SISTEMAS 
PETROLÍFEROS DO CAMPO MARLIM LESTE, BACIA DE CAMPOS, BRASIL. 
 
O complexo de Marlim é um campo petrolífero gigante de águas profundas dividido em três blocos: 
Marlim Sul, Marlim Central e Marlim Leste, localizado na parte nordeste da Bacia de Campos e 
considerado como um dos campos de petróleo mais importantes no Brasil. A pesquisa atual foi 
desenvolvida na porção leste do campo de Marlim, com o objetivo de realizar a caracterização 
geoquímica e a modelagem de sistemas petrolíferos, principalmente visando o potencial de geração de 
hidrocarbonetos nas sequências Albianas-Oligocenicas (Grupo Macaé e formações Ubatuba e 
Carapebus). O sistema petrolífero Lagoa Feia-Carapebus (!) é regionalmente extenso e o mais 
produtivo em toda a Bacia de Campos considerado como o responsável pela carga de petróleo no 
campo Marlim Leste.  
Apesar da ampla distribuição de rochas ricas em matéria orgânica do pós-rifte (Grupo Macaé, 
formações Ubatuba e Carapebus), essa sequencia ainda carece de estudos que comprovem seu 
potencial para rochas geradoras ativas. O presente trabalho apresenta uma abordagem integrada 
utilizando caracterização da rocha geradora e modelagem de sistemas petrolíferos no Grupo Macaé 
(Albiano-Cenomaniano) e nas formações Ubatuba (Senoniano-Eoceno) e Carapebus (Oligoceno-
Mioceno) no campo Marlim Leste; com o objetivo de estabelecer a distribuição das propriedades da 
rocha fonte, tais como: teor de matéria orgânica, potencial de geração de hidrocarbonetos, maturidade 
térmica e a espessura estratigráfica. Os resultados da caracterização geoquímica de petróleo foram 
integrados com descrições de amostras de calha e testemunhos, controle bioestratigráfico, análise de 
perfis de poço e interpretação sísmica 2D/3D. O sistema petrolífero foi modelado em uma e duas 
dimensões, que permitiram avaliar o tempo de geração, expulsão, migração e acumulação dos 
hidrocarbonetos dentro das rochas reservatório. Os resultados mostram que o Grupo Macaé e a 
formação Ubatuba têm a capacidade de gerar petróleo e/ou gás, em contraste com a Formação 
Carapebus que tem um potencial limitado para a geração de hidrocarbonetos, com a capacidade de 
gerar principalmente gás. Com base nestes resultados, pode se prever que o sistema petrolífero Lagoa 
Feia-Carapebus (!) não é apenas o único sistema petrolífero responsável pela carga de petróleo do 
campo Marlim Leste. O Grupo Macaé pode, por sua vez, produzir petróleo e gás no campo Marlim 
Leste sugerindo que o sistema petrolífero Macaé-Carapebus (.) poderia ser também responsável pelas 
acumulações de hidrocarbonetos na área da investigação. Embora tenham sido fornecidas provas 
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PETROLEUM GEOCHEMICAL CHARACTERIZATION AND PETROLEUM 
SYSTEMS MODELING OF THE EASTERN MARLIM OILFIELD, CAMPOS BASIN, 
BRAZIL. 
The Marlim complex is a giant deepwater oilfield divided into three blocks: Southern Marlim (South), 
Marlim (central) and Eastern Marlim (East), located in the northeastern part of the Campos Basin, 
considered as one of the most important oilfields in Brazil. The current research was developed in the 
eastern portion of the Marlim oilfield, aiming to identify the hydrocarbon generation potential of 
Albian-Oligocene sequences (Macaé Group, Ubatuba and Carapebus formations). The Lagoa Feia-
Carapebus (!) petroleum system is regionally extensive and the most productive in the entire Campos 
Basin considered as responsible for the Marlim oilfield petroleum charge. Despite the widespread 
distribution of post-rift organic-rich sequences (Macaé Group, Ubatuba and Carapebus formations) 
have not been proven that these rocks can be active source rocks due to the relatively low maturity. 
The current research presents an integrated approach using source rock characterization and petroleum 
systems modeling in the Macaé Group (Albian-Cenomanian), Ubatuba (Senonian-Eocene) and 
Carapebus (Oligocene-Miocene) formations in the Eastern Marlim oilfield; aiming to establish the 
distribution of source rock properties such as: organic matter content, hydrocarbon-generating 
potential, thermal maturity and stratigraphic thicknesses. The outcomes of a comprehensive petroleum 
geochemical characterization were integrated with cuttings and core sample descriptions, 
biostratigraphic control, well log analysis and 2D/3D seismic interpretation. The petroleum systems 
were modeled in one and two dimensions, which allowed us to assess the timing of generation, 
expulsion, migration and entrapment of hydrocarbons within the reservoir rocks. Results show that the 
Macaé Group and Ubatuba Formation have the capability of generating, both oil and/or gas in contrast 
with the Carapebus Formation that has a limited potential for hydrocarbon generation with the 
capability of generating mainly gas. Based on these results, we predict that the Lagoa Feia-Carapebus 
(!) petroleum system could not be the uniquely petroleum system responsible for the Eastern Marlim 
oilfield petroleum charge. The Macaé Group could, in turn, produce oil and gas in the Eastern Marlim 
oilfield suggesting that the Macaé-Carapebus (.) petroleum system could be as well responsible for the 
hydrocarbon accumulations in the research area. Although solid evidence has been provided this 
petroleum geochemical characterization demands further investigation.  
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The Campos Basin located in the southeastern offshore of Brazil, embracing one of the 
most prolific passive margin sedimentary basins in South America. It is located in western 
south Atlantic, holding up to 70% of total Brazilian oil production. Currently, Petrobras has 
discovered more than 70 hydrocarbon accumulations in the basin, including seven giant 
oilfields in deep waters (Guardado et al. 2000). One of the most important is the giant Marlim 
oilfield that is a complex divided into three blocks: Southern Marlim (South), Marlim 
(central) and Eastern Marlim (East), located in the northeastern part of the Campos Basin 
(Fig. 1). 
The Marlim trap is notably stratigraphic (pinch out) in the western, northern and southern 
portions of the reservoir. Eastwards of the Marlim oilfield, where the current case study has 
taken place, the trap is structural and the hydrocarbon accumulation ends against a normal 
listric fault generated by the underlying moving salt. This fault is considered the main route of 
oil migration from the pre-salt source rocks to the turbidite reservoir (Mello et al. 1994). 
 
Figure 1. Location map of the Marlim Oilfield (Marlim Complex), Campos Basin, offshore, 
Brazil (Shapefiles taken from http://app.anp.gov.br/webmaps/).  
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At the depocenters of the Campos Basin, thermal basin modeling suggests the onset of oil 
generation in Late Albian, reaching its maximum during the Miocene and it is still going on to 
present days. The top of the oil window is about 4,500 meters depth and transformation rates 
reaches up to 70%. The events chart registers the temporal relationship between elements and 
processes of the Lagoa Feia-Carapebus (!) petroleum system in the central area of the basin, 
responsible for the petroleum charge of the Marlim oilfield (Jahnert et al. 1998). 
 
The presence of multiple organic-rich beds of the Macaé Group (Albian-Cenomanian), 
Ubatuba (Senonian-Eocene) and Carapebus (Oligocene-Miocene) formations have 
complemented suitable conditions for hydrocarbon generation from areas where such source 
facies have achieved adequate thermal maturity. The current configuration of the study area is 
an unavoidable consequence of salt tectonics or halokinesis activity, where success for oil and 
gas exploration results from the presence of excellent source rocks and reservoirs, late 
migration, presence of internal structural highs, but mostly for the commitment to face deep 
water exploration challenges (Jahnert et al. 1998).  
 
On this basis, the present work aim at establishing the distribution of source rock 
properties such as organic matter content, hydrocarbon-generating potential, thermal maturity 
and stratigraphic thicknesses, for the Albian to Oligocene potential source rocks, which may 
have reached the hydrocarbon window. The outcomes of a comprehensive petroleum 
geochemical characterization were integrated with, cuttings and core sample descriptions, 
biostratigraphic control; well log analysis and 2D/3D seismic interpretation. The petroleum 
systems were modeled in one and two dimensions, which allowed us to assess the timing of 
generation, expulsion, migration and entrapment of hydrocarbons within the reservoir rocks. 
A plausible scenario of possible petroleum charge has been estimated in order to build an 









2.1. GENERAL OBJECTIVE 
 
 Develop the petroleum geochemical characterization and petroleum systems 
modeling of the Eastern Marlim oilfield in the Campos Basin, Brazil. 
 
2.2. SPECIFICS OBJECTIVES 
 
 Identify the source rock potential and thermal maturity of the organic matter of 
Albian to Oligocene sequences (Macaé Group, Ubatuba and Carapebus 
formations).  
 Establish the spatio-temporal distribution of source rock properties such as 
organic matter content (%TOC), hydrocarbon-generating potential (HI and S2 
parameter from Pyrolysis Rock-Eval data), thermal maturity (Tmax parameter 
from Pyrolysis Rock-Eval data and %Ro calculated from Tmax) and 
stratigraphic thicknesses (meters) for the Macaé Group, Ubatuba and 
Carapebus formations. 
 Identify the burial or thermal histories, hydrocarbon charge, transformation 
rate and generation histories of the Eastern Marlim oilfield through one-
dimensional petroleum systems modeling in the formations of interest.    
  Determine the generation, migration and accumulation of hydrocarbons 
through geological time based on two-dimensional petroleum systems 









Different authors identified and characterized the petroleum systems of the Campos Basin, 
making predictions on source-rock maturation (e.g., Meister, 1984; Guardado et al. 1989; 
Mohriak et al. 1990, Candido et al. 1992, Mello et al. 1994, Soldan et al. 1995, Rangel et al. 
1998, Santos et al. 1998, Guardado et al. 2000, Beglinger et al. 2012). It was established that 
the Lagoa Feia-Carapebus (!) petroleum system is the responsible for the petroleum charge of 
the Marlim oilfield (Jahnert et al. 1998). Beglinger (2012) based on different basin and 
thermal models, proposed that lacustrine shales of the syn-rift Lagoa Feia Formation could be 
mature to generate oil and/or gas over a larger area than previously expected. Furthermore, 
Beglinger (2012) suggested that the early post-rift Macaé Group is locally mature to generate 
oil, and, the middle/late post-rift Carapebus/Ubatuba formations are likely to generate oil, as 
well if organic-rich facies are indeed present. 
 
Petroleum geochemical characterizations and petroleum systems modeling had been 
developed in the Campos Basin on Albian-Oligocene sequences by different oil and gas 
companies (e.g. Petrobras, Statoil, Shell, ANP etc.) in order to establish their hydrocarbon 
potential. However, these studies are confidential and there are no researches published about 
this subject. For this reason, currently a gap of knowledge exists regarding the hydrocarbon 
generative potential of the Macaé Group, Ubatuba and Carapebus formations. 
Despite the widespread distribution of the mentioned post-rift organic-rich sequences until 
this moment it has not been proven that these rocks can be active source rocks due to the 
relatively low maturity. For these suggestions, the current research was developed in the 
eastern portion of the Marlim oilfield, aiming to identify the hydrocarbon generation potential 
of Albian-Oligocene sequences (Macaé Group, Ubatuba and Carapebus formations) in the 









4. THEORETHICAL FRAMEWORK 
 
4.1. GEOLOGICAL SETTING 
 
The Campos Basin is located in the southeastern portion of the offshore of Brazil covering 
about 120,000 km
2
. This basin is limited to the north by the Espírito Santo Basin in the high 
of Vitória and to the south by the Arc of Cabo Frio (Schaller 1973; Marroquim et al., 1984, 
Carminatti 1987, Rangel et al., 1994). Bruhn (1998) subdivided the sedimentary fill of the 
Campos Basin into five megasequences that correspond to the distinct tectonosedimentary 
stages of basin evolution: a continental rift megasequence, a transitional evaporitic 
megasequence, a shallow carbonate platform megasequence, a marine transgressive 
megasequence, and a marine regressive megasequence. 
The continental rift megasequence taken place from Neocomian to Early Aptian and 
includes a great diversity of facies from siliciclastic sediments to lacustrine coquinas and 
volcanic rocks. Successively, the transitional evaporitic megasequence begins from middle 
Aptian to Albian associated with transitional marine and non-marine environments, where 
basal siliciclastic deposits and microbial limestones were overlaid by evaporites. 
Consecutively, a shallow carbonate platform megasequence establishing fully-marine 
conditions across the entire basin. Later, during the early to middle Albian, the mentioned 
succession was accumulated under a thermal subsidence regime. The carbonate deposits of 
this unit seemingly present a gradational contact with the evaporites of the previous section. 
After, the marine transgressive megasequence marks the progressive drowning of the shallow 
carbonate platform in response to thermal subsidence and sedimentary loading. From late 
Albian to the middle Eocene, this unit recording a succession of progressively deep-water 
facies, from calcareous shales to marls, shales, and sandstones turbidites. Lastly, the marine 
regressive megasequence marks a general change in the depositional trend, from 
retrogradational to progradational tendencies. This succession extends from the middle 
Eocene to the Holocene and records a variety of continental, shallow-marine carbonate and 
siliciclastic environments, and deep-water depositional environments (Bruhn, 1998). 
Winter et al (2007) simplified the stratigraphic chart of the Campos Basin (Fig. 2) and 




Figure 2. Stratigraphic chart of the Campos Basin (Taken and modified from Winter et al, 
2007). 
 
The rift supersequence formed under a mechanical subsidence regime, and in addition to 
the subalkaline volcanic flows, it is characterized by a continental sedimentation dominated 
by siliciclastic deposits and lacustrine coquinas. This supersequence is equivalent to the 
continental rift megasequence of Bruhn (1998). The post rift supersequence corresponds to 
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the transitional evaporitic megasequence of Bruhn (1998). The evaporites in this unit were an 
important factor in shaping the architecture of the Campos Basin because the salt movement 
molded the sea floor, creating the preferential paths for the transport and accumulation of 
gravity-flow deposits during the Late Cretaceous. The drift supersequence of Winter et al., 
(2007) consists mainly of marine sediments deposited under a quiescent thermal subsidence 
platform, the marine transgressive megasequence, and the marine regressive megasequence of 
Bruhn (1998).  
The main structural elements in the basin (Fig. 3) are synthetic and antithetic normal faults 
formed during the rifting phase, grabens and horsts formed by the rift-phase faulting, hinge 
lines associated with flexure of the basement, homoclinal structures, listric normal faults 
detaching on the Aptian salt, and roll-over structures associated with these faults (Ojeda 
1982). In the northwest area, basement-involved faulting of Tertiary age is present (Lobo et 
al., 1983; Mohriak 1984).  
 
 
Figure 3. Structural features of the Campos Basin. Taken and modified from Guardado et al., 
1989 in: Sasaki et al., 2007). 
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4.1.1. PETROLEUM SYSTEMS 
 
There are a number of petroleum systems in the entire Campos Basin. The principal and 
proven petroleum system is the Lagoa Feia-Carapebus (!), which is regionally extensive, and 
the most productive.  
4.1.1.1.  Generation and Migration 
The main source rock of the Campos Basin are the local shales of the Lagoa Feia 
Formation, deposited during the rift stage. These rocks, according to geochemical and 
sedimentological information were deposited in lacustrine environments, presenting kerogen 
type I (Guardado et al., 1989), with Total Organic Carbon content (%TOC) ranging from 2 to 
6% (Mello, 1988). The most important type of migration in the basin are the salt windows, 
portions in the basin with absence of evaporites of the Retiro Member where listric faults 
carried out the oil from the rift phase to the different reservoirs of the drift phase. Migration 
may also occur by direct contact, in the case of reservoirs interspersed or in contact with the 
source rock (Bastos, 2015). 
4.1.1.2. Reservoir Rocks  
Large varieties of reservoir rocks were identified in the Campos Basin. In the rift phase, 
fractured and vesicular basalts of the Cabiúnas Formation (Neocomian) and microbial 
carbonates reservoirs of the Lagoa Feia Formation (Aptian) are the most important reservoirs 
in the basin. Regarding the drift phase, calcareous sandstones of the Quissamã Formation 
(Albian), carbonate facies of the Imbetiba Formation (Cenomanian) and turbidites of the 
Namorado Formation (Albian-Cenomanian) are the most common reservoirs. Finally, 
turbidites of the Upper Cretaceous and Paleogene age are the main responsible for the 
hydrocarbon accumulations in the entire Campos Basin. Lastly, it can also be mentioned as 
reservoir the carbonates deposited during the Upper Oligocene of the Siri Member (Bastos, 
2015). 
4.1.1.3. Sealing Rocks 
The main seals of the Campos Basin are the shales of the Coqueiros Formation (Aptian), 
the salt bodies of the Retiro Member (Aptian), the Carbonates of the Outeiro and Imbetiba 
formations (Albian-Cenomanian) and the low energy shales of the Ubatuba Formation 




The expected traps are structural, stratigraphic and mixed type, related to extensional 
tectonics and halokinesis. In the drift phase, the carbonates of the Macaé Group, displays 
mainly structural traps (dominoes type in shallow waters, listric faults with roll-over and 
insulated blocks). For the turbiditic sandstones bodies, listric faults with roll-over are 
expected, as well as pinch-out and compartmentalized or not by faults (Bastos, 2015). 
 
4.2. PETROLEUM GEOCHEMICAL CHARACTERIZATION 
 
The petroleum geochemistry is a fundamental discipline use to identify the geochemical 
properties of source rocks aiming to recognize productive or nonproductive hydrocarbon 
kitchens, determining the quality, quantity and thermal maturity of the organic matter. In 
addition, this discipline aims at establishing the geological process of generation, migration 
and accumulation of hydrocarbons in a specific study area.  
Source rocks are predominantly organic-rich and fine-grained sedimentary successions that 
could have the capability for produce hydrocarbons if thermal maturity and burial histories are 
present.  
Different laboratory techniques have been developed for determine the hydrocarbon 
generative potential of sources rocks such as Total Organic Carbon (%), Rock-Eval Pyrolysis, 
Vitrinite Reflectance (%Ro), Biomarkers analysis, etc. The quantity of organic matter is 
measured by the Total Organic Carbon. This technique provide only a semi quantitative scale 
of petroleum generative potential, expressed as a percentage on a dried extract, which reflects 
the conditions of production and preservation in a depositional environment. (Epistalié et al. 
1997, Milner. 1982). The amount of organic matter present in the sediment or rock includes 
both insoluble organic matter, called kerogen, such as organic matter soluble in organic 
solvents, known as bitumen (Killops et al. 1994). The content of organic matter in a rock 
sample (Fig. 4) can be classify as follows: 
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Figure 4. Content of organic matter in a rock sample. Modified from Peters and Cassa, 1994. 
 
If the mentioned initial screening test demonstrates sufficient organic content, the rock 
should undergo additional tests to ascertain organic matter quality and maturity. One of these 
tests is the Rock-Eval pyrolysis. This technique simulates under laboratory conditions the 
natural process of metagenesis and catagenesis of the organic matter and the oil generation 
potential. In this process rock samples are heated and during the heating process, are released 
successively free hydrocarbons that may exist in the sample and carbon dioxide that are 
generated by thermal cracking of the kerogen. During Rock-Eval pyrolysis, samples are 
heated under an inert atmosphere of helium or nitrogen. A flame ionization detector (FID) 
senses organic compounds emitted during each stage of heating. Sensitive infrared (IR) 
detectors measure CO and CO2 during pyrolysis and oxidation (Epsitalié et al, 1993). These 
gases are recorded in the form of a pyrogram in which can be observed three peaks 
(denominated S1, S2 and S3) (Fig. 5) used in this kind of geochemical studies (Killops et al. 
1994).  
The S1 peak corresponds to free oil and gas that evolve from the rock sample without 
cracking the kerogen during the first stage of heating at 300°C. S1 represents how many 
milligrams of free hydrocarbons can be thermally distilled out of one gram of the sample 
(Epistalié et al, 1977). 
The S2 peak corresponds to the hydrocarbons that evolve from the sample during the 
second programmed heating stage of the pyrolysis. These hydrocarbons result from the 
cracking of heavy hydrocarbons and from the thermal breakdown of kerogen. S2 represents 
milligrams of residual hydrocarbons in one gram of rock, thus indicating the potential amount 
of hydrocarbons that the source rock might still produce if thermal maturation continues 
(Epistalié et al, 1977).  
The S3 peak corresponds to CO2 that is evolved from thermal cracking of the kerogen 
during pyrolysis, expressed in milligrams per gram of rock (Epistalié et al, 1977). 
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Tmax peak corresponds to the pyrolysis oven temperature during maximum generation of 
hydrocarbons. Tmax is reached during the second stage of pyrolysis, when cracking of the 
kerogen and heavy hydrocarbons produces the S2 peak (Peters and Cassa, 1994).  
 
 
Figura 5. Pyrogram with the three peaks from Rock-Eval pyrolysis. Taken and modified from 
Oilfield Review, Schlumberger, 2011. 
 
Other results obtained from the Rock-Eval pyrolysis are the Hydrogen and Oxigen Index’s. 
It can also classify the type of kerogen on the basis of hydrogen, carbon and oxygen content. 
Kerogen can be classified into four types, based on provenance, as indicated by specific 
macerals. Each type has a distinct bearing on what kind of petroleum, if any, will be produced 
(Tissot et al., 1974).  
Type I kerogen is generated predominantly from lacustrine environments and, in some 
cases, marine environments. It is derived from algae, plankton or other matter that has been 
strongly reworked by bacteria and microorganisms living in the sediment. Rich in hydrogen 
and low in oxygen, it is oil prone but, depending on its stage of thermal evolution, can also 
produce gas (Klemme & Ulmishek, 1991). 
Type II kerogen is typically generated in reducing environments found in moderately deep 
marine settings. It is derived primarily from the remains of plankton that have been reworked 
by bacteria. Rich in hydrogen and low in carbon, this kerogen can generate oil or gas with 
progressive heating and maturation (Vandenbroucke, 2003).  
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Type III kerogen is derived primarily from terrigenous plant debris, which has been 
deposited in shallow to deep marine or nonmarine environments. Type III kerogen has lower 
hydrogen and higher oxygen content than types I or II; consequently, it tends to generate dry 
gas (McCarthy et al., 2011). 
Type IV kerogen is derived from residual organic matter found in older sediments that 
have been reworked after erosion. This type of kerogen has high carbon content and is 
hydrogen poor. Considered a form of dead carbon, type IV kerogen has almost no potential 
for generating oil or gas (Tissot et al., 1974). 
 
In addition, thermal maturity can be also measured by the vitrinite reflectance (%Ro). This 
technique is a fundamental tool for assessing maturation. Vitrinite is a maceral formed 
through thermal alteration of lignin and cellulose in plant cell walls, is found in many 
kerogens. As temperature increases, vitrinite undergoes complex, irreversible aromatization 
reactions that increase reflectance (Peters and Cassa, 1994). Measurements taken from 
vitrinite reflectance are representing by percentage of light reflected in oil, designated as Ro 
(McCarthy et al, 2011). As indicators of thermal maturity, Ro values vary with the type of 
organic matter (Fig 6). 
 
 
Figure 6. Thermal maturity from Ro values. Modified from Peters and Cassa, 1994. 
 
In order to compare data from the Tmax and Vitrinite Reflectance parameters, a study 
developed in the Barnett Shale in 2001 by Jarvie et al., established a conversion formula to 
calculate %Ro from Tmax data. The conversion formula (calculated Ro = 0.0180 x Tmax - 
7.16) has been used extensively in different basins around the world with a variety of ages and 
lithologies (Wüst et al., 2013). In this case, we used the conversion formula to determine the 
%Ro calculated for wells that did not have measured % Ro. In addition, it was compared the 
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%Ro calculated with the wells with available % Ro information in the study area, finding a 
very good correlation between the both mentioned parameters. 
4.3. PETROLEUM SYSTEMS MODELING 
 
The scope of petroleum systems modeling is to simulate the hydrocarbon generation 
processes aiming to calculate the petroleum charge, the volume of hydrocarbons available for 
entrapment, as well as the fluid flow. This information allows predicting the volumes and 
locations of accumulations and their geochemical properties. This type of modeling is 
developed for track the evolution of a basin through time, also its fill with fluids and 
sediments that may eventually generate or contain hydrocarbons. In the petroleum systems 
modeling the distance scale typically is ten to hundreds of kilometers, and the periods covered 
may reach hundreds of millions of years. The model geometry is dynamic and often changes 
significantly during simulation (Al-Hajeri et al. 2009). 
The petroleum systems modeling is used to identify sediment deposition, faulting, burial, 
kerogen maturation kinetics and multiphase fluid flow. These processes may be examined at 
several levels, and complexity typically increases with spatial dimensionality; the simplest, 
One-dimensional modeling, examines burial history at a point location. Two-dimensional 
modeling, either in map or cross section, can be used to reconstruct oil and gas generation, 
migration and accumulation along a cross section. Three-dimensional modeling reconstructs 
petroleum systems at reservoir and basin scales and has the ability to display the output in 1D, 
2D or 3D, and through time (Higley D et al, 2006).  
Typically, the nomenclature of a petroleum system consists of the name of the active 
source rock, followed by a hyphen and the name of the reservoir rock that contains the largest 
volumes of petroleum from the source rock. The name ends with a punctuation symbol in 
parentheses that express the level of certainty (known, hypothetical or speculative) that a 
particular pod of active source rock has generated the hydrocarbons in an accumulation. 
(Maggon et al. 1994). Consequently, the known petroleum system is indicated by the (!) 
symbol and suggests that the active source rock has a clear geochemical match with trapped 
hydrocarbons. In a hypothetical petroleum system, designated by the (.) character, the source 
rock has been characterized by geochemical analysis, but no match has yet been made with a 
hydrocarbon accumulation. Finally, in a speculative petroleum system represented by (?), the 
correlation of a source rock to petroleum is merely postulated based on geologic inference 
(Al-Hajeri et al. 2009). (Fig. 7)  
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Figure 7. Typical nomenclature of petroleum systems. Taken and modified from Magoon and 
Beaumont, 1994. 
 
4.4. ORGANIC FACIES 
 
The concept of "Organic Facies" was introduced during the increase of the integration 
between microscopy and organic geochemistry methods. The primary objective of organic 
facies studies is the prediction of the likely occurrence (and lateral variability) of hydrocarbon 
source potential as a function of depositional environment (Tyson, 1995). Based on a 
paleoecological and paleoclimatic vision, an organic facies can identify both small and large 
cycles related to transgressive-regressive events. However, its characterization is also related 
with the depositional paleoenvironments and with the deposition of the stratigraphic units 
responsible for the generation of oil (Fig. 8). In this way, the concept organic facies is wide 
and several authors have introduced this term in the literature like and indispensable 
exploration tool (Tyson, 1995). 
 
Figure 8. Relationship of organic facies to sedimentary environments, principally benthic 
oxygenation, proximity to fluvio-deltaic source, and climate. Modified from Jones, 1987. 
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Rogers (1980) introduced the term organic facies. Organic facies were defined as “the 
organic matter content (primarily type, less frequently amount), its source and depositional 
environment”. Cornford (1979) used the organic facies term, without questioning the concept, 
just for comparison the methods of studying organic matter and inter-related the 
interpretations. Habib (1982) considered organic facies a particular aspect of the organic 
faciology (which can be determined by the palynological study of organic matter), and it can 
be considered as “palynologically defined organic facies”. 
 
A formal definition was proposed by Jones & Demaison (1982), where an “organic facies 
is a detectable subdivision of a certain stratigraphic unit which can be discriminated by the 
characteristics of the organic constituents without considering the aspects of the inorganic 
fraction of the sediments”. Powell (1987) presents the same concepts in his definition of 
organic facies, considering the effect of the depositional control on the composition of organic 
matter of potentially hydrocarbon source rocks. This effect regards to the nature of the 
primary biomass (algal, bacterial, or from land plants/higher plants), to the extent of bacterial 
degradation (reworking) during deposition and to the lithology of the source rock, and to the 
chemical composition of the waters present in the depositional palaeoenvironment (salinity, 
pH, alkalinity and oxygenation). 
Tuweni & Tyson (1994) consider that TOC and pyrolysis data combined with palynofacies 
analysis provides an excellent means of characterizing organic facies. According to Tyson 
(1995), the concept of organic facies can be defined as a “group of sediments having a 
distinctive set of organic constituents that can be recognized by microscopy or be associated 
to a characteristic organogeochemical composition”. 
 
The seven organic facies defined by Jones (1987) are A, AB, B, BC, C, CD and D. 
According to Tyson (1995), the three main divisions are into anoxic-dysoxic (A, AB, B, BC), 
proximal fluvio-deltaic to prodeltaic-oxic shelf (C, CD), and distal deposited, oxic facies (D). 
The main characteristics of each facies from Jones (1987) are presented below: 
Organic Facies A: this organic facies presents %TOC ~5-20+ and HI ≥ 850. The rocks are 
usually laminated and organic rich and are found in alkaline lakes and marine 
palaeoenvironment with persistent bottom water anoxia. The organic matter, often brightly 
fluorescent, is derived primarily from a single type of algae or bacteria. Organic facies A 
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commonly occurs in carbonate settings. It is found in condensed sections of lakes and marine 
margins that are protected from oxygenated waters (Jones, 1987). 
 
Organic Facies AB: this organic facies presents %TOC ~ 3-10+ and HI ~ 850-650. Rocks 
forming this facies are often laminated and organic rich. The organic matter is similar to the 
organic facies A, except that it is diluted either with organic input of lesser quality or by 
partial degradation. It is volumetrically more important than Organic Facies A because its 
slightly lower H/C ratio can tolerate a small amount of terrestrial input and/or oxidization of 
the organic matter. Organic facies AB is found in both carbonates and shales facies deposited 
under a well-developed and persistent anoxic water column (Jones, 1987). 
 
Organic Facies B: this organic facies presents %TOC ~ 3-10+ and HI ~ 650-400. This 
facies is the source of petroleum for the majority of the world's oilfields, although organic 
facies AB may have contributed more of the world's oil (Jones, 1987). It is often laminated 
and may contain some terrestrial organic matter. It can be interbedded with less oil-prone 
facies, reflecting either fluctuations in bottom water anoxia or introduction of sediments with 
associated oxygen or poorer quality organic matter. Organic facies B and its systematic 
neighboring facies AB and BC can be mixtures representing biological source variation, some 
transported organic matter, or variations in preservation. Organic facies B encompasses most 
of the earth's best petroleum source rocks and is predominantly found in marine rocks, 
especially in deep water palaeoenvironment associated with upwelling (Jones, 1987). 
 
Organic Facies BC: this organic facies presents %TOC ~ 3-3+ and HI ~ 400-250. This 
facies is found in both marine and lacustrine palaeoenvironment. It is often deposited in fine-
grained siliciclastics where rapid deposition captures small oxygen volumes in the sediments. 
This "sedimentary oxygen" encourages biological activity in the sediments. Terrestrial 
organic matter can be a significant contributor, but bioturbation of bottom sediments may be 
sufficient to degrade marine organic matter to this quality (Jones, 1987). 
 
Organic Facies C: this organic facies presents %TOC ≤ 3 and HI ~ 250-125. This facies is 
predominantly gas prone. The organic matter is primarily woody and terrestrial and makes up 
most coals. Organic facies C is found in marine environments on Tertiary and Mesozoic shelf 
margins where it includes mixtures of hydrogen-rich and hydrogen-poor macerals or degraded 
hydrogen rich macerals. Organic facies C and neighboring facies BC and CD are found in 
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coal-forming swamp deposits, deltaic deposits, and bioturbated marine mudstones. The types 
of environments in which this facies occurs often correspond to the transgressive and early 
highstand systems tracts where some oxidation occurs and where different kerogen 
components can be deposited together (Jones, 1987). 
 
Organic Facies CD: this organic facies presents %TOC < 0.5 and HI ~ 125-50. It is 
heavily oxidized and frequently represents terrestrial organic matter that has been transported 
through oxidizing environments. This facies may represent recycled organic matter that has 
been eroded one or more times from sediments (Jones, 1987). 
 
Organic Facies D: this organic facies presents %TOC < 0.5 and HI ≤ 50. This facies 
contains highly oxidized organic matter, which may represent burnt wood (charcoal), recycled 
terrestrial material, and thermally postmature constituents. It may include fragments of larger 
woody components recycled from porous sandy units where oxidation prevailed. This facies 
is usually encountered in small concentrations and has no hydrocarbon generative capacity. It 
occurs in prograding sediments associated with sea level highstands and redeposited 
sediments of lowstands. Organic facies D is the regionally distributed type IV kerogen. It is 
frequently found in fluvial palaeoenvironment, on offshore toes of deltas, and where organic 
carbon has been recycled. Sediments containing this kerogen can be found in all systems 
tracts, including the fine-grained parts of turbidites in lowstand systems tracts and the silts 
and muds of highstand prograding sediments. The oxidization can occur in innumerable 
depositional environments ranging from the deep ocean to terrestrial (Jones, 1987). 
 
4.5. WELL LOG AND SEISMIC DATA 
 
4.5.1. Well log data 
Well logs present a concise, detailed plot of formation parameters versus depth. From these 
plots, interpreters can identify lithologies, differentiate between porous and nonporous rock 
and quickly recognize pay zones in subsurface formations. The ability to interpret a log lies in 
recognizing the significance of each measurement (Varhaug, 2016). Besides their traditional 
use in exploration to correlate zones and to assist with structure and isopach mapping, logs 
help define physical rock characteristics such as lithology, porosity, pore geometry, and 
permeability. Logging data is used to identify productive zones, to determine depth and 
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thickness of zones, to distinguish between oil, gas, or water in a reservoir, and to estimate 
hydrocarbon reserves (Asquith & Gibson, 1982). Different well logs exist and play an 
important role in the evaluation phase in any kind of exploration campaigns in the oil and gas 
industry. The most common log set is composed for Gamma Ray, Spontaneous Potential, 
Caliper, Sonic, Neutron, Density and Resistivity logs. 
4.5.2. Seismic data 
Seismic interpretation conveys the geologic meaning of seismic data by extracting subsurface 
information from different sources such as structural, stratigraphic and seismic stratigraphy. It 
depends of the geological targets linked to the exploration phase, grid density, quality and 
available type of data. The workflow for each category employed in the seismic interpretation 
according with Nanda (2016) is described as follows: 
 Category I: Structural interpretation (on 2D data) – first level regional interpretation, 
mainly structural in nature, and attempted in the early stage of exploration. 
 Category II: Stratigraphic interpretation (on 2D/3D/4D data) – higher-level 
synergistic interpretation that provides stratigraphic information including rock and 
fluid properties during exploration/delineation and production stage. 
 Category III: Seismic stratigraphy interpretation (on 2D data) – regional geologic 
interpretation of depositional systems and tectonic styles for basin evolution and 
evaluation, and is carried out mostly in initial stage of exploration. 
 Category IV: Seismic sequence stratigraphy interpretation (2D/3D) – integrated 
detailed stratigraphic interpretation of log and core data with seismic, in 
exploration/delineation/development stage. 
However, with adequate and appropriate data grid and quality, a comprehensive 
interpretation, providing details about subsurface structures and stratigraphy may be 
attempted in the beginning itself of an early exploration phase.  
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5. MATERIALS AND METHODS 
 
The current work includes a 3D seismic volume Post Stack migrated (150 km²), five 2D 
Post Stack time migrated (PSTM) seismic lines, nine wells and a significant amount of 
cuttings and core data, provided by the National Agency of Petroleum, Gas and Biofuels of 
Brazil (ANP). All these information were integrated with bulk rock petroleum geochemistry 
information distributed along the Eastern Marlim oilfield that allowed the petroleum 
geochemistry characterization and identification of potential source rocks in Albian-
Oligocene sedimentary sequences (Macaé Group, Ubatuba and Carapebus formations) in the 
study area (Fig. 9). 
 
Figure 9. Available information used in the current case study (Shapefiles taken from 
http://app.anp.gov.br/webmaps/). 
Total organic carbon analysis (%TOC) was the first step in order to assess the source-rock 
generative potential of the Macaé Group, Ubatuba and Carapebus formations in the Eastern 
Marlim oilfield. A total of 658 samples were provided by the ANP (Fig. 10). The majority of 
these samples vary from black-to-medium-grey mudstone beds in the selected wells. 
 
Based on the analyzed samples, 402 samples were discarded for subsequent evaluation due 
to their negligible TOC values (i.e. lower than 0.5%) and therefore poor petroleum potential. 
In this way, only 256 samples were taken into account for analyzing the organic richness of 




Figure 10. Petroleum geochemistry data of nine wells provided by the National Agency of Petroleum, Gas and Biofuels of Brazil (ANP).
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5.1. SOURCE ROCK CHARACTERIZATION 
 
Using the S2 parameter (S2, mg/g rock) the hydrocarbon potential of the evaluated source 
rocks it was established. Subsequently, Hydrogen (HI: S2 x100/TOC) and Oxygen Index (S3 
x100/TOC) representing the amounts of Hydrogen and Oxygen in the kerogen respectively, 
were useful to classify the various kerogen types. As well, organic matter type was 
distinguished with the Hydrogen index (HI mg HC/g TOC). Moreover, thermal maturity of 
the organic matter was established with the Tmax parameter (°C). Finally, vitrinite reflectance 
profiles were calculated from the Tmax parameter of Rock-Eval pyrolysis, taking into account 
vitrinite reflectance measures were not available in the majority of the wells investigated in 
the present research (Fig. 11). 
 
 
Figure 11. Methodology of applied source rock geochemistry modified from Peters and Cassa 
(1994).  
5.2. ORGANIC FACIES 
 
On the other hand, the organic facies were identified from Jones (1987) and Tyson (1995, 
1996) methodology that defined seven organic facies using geochemical, and to a lesser 
extent optical data (microscopy). These organic facies have been assigned to either individual 
35 
samples, groups of samples or completely stratigraphic units and the parameters used 
correspond to sedimentary interval with low thermal maturity.  
For this research, we used the methodology based in petroleum geochemical characteristics 
for immature sediments ((%TOC, HI, OI, %Ro, S2 and Tmax parameter) aiming to identify 
environmental factors, distribution and lateral changes in the organic facies present in the 
Eastern Marlim oilfield (Fig. 12). 
 
 
Figure 12. Organic facies from Sensu Jones (1987) and Tyson (1995, 1996) based on 
geochemical characteristics. 
 
5.3. PETROLEUM SYSTEMS MODELING  
 
All the mentioned information were processed and incorporated into a multidisciplinary 
framework (stratigraphy, sedimentology, biostratigraphy, and geochemistry) to enable 
mapping of the distribution of the various source-rocks properties in geological and 
geographic terms within the Eastern Marlim oilfield. The 1D and 2D simulation of the 
petroleum systems in the research area were conducted using the PetroMod® software of 
Schlumberger (academic license), which allowed illustrating the hydrocarbon potential on the 
basis of the information gathered and the definition of thermal models (Fig. 13). 
 
The first step to develop the simulation of the petroleum systems modeling is to create a 
time-depth-based stratigraphic-structural model of an area of interest, which may encompass a 
single petroleum system in a small basin or multiple petroleum systems in one basin or many 
basins across a region. Input is typically in the form of formation tops and layer thicknesses 
and can be imported from a separate model-building program. Data sources might include 
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seismic surveys, well logs, outcrop studies, remote-sensing data, electromagnetic soundings 
and gravity surveys. This model of present-day architecture represents the final result of all 




Figure 13. The sequential methodology used for petroleum systems modeling in the current 
case study (PetroMod® software model builder, Schlumberger). 
 
After the boundary conditions, ages and properties of all layers have been defined, the 
simulation can be run forward, starting with sedimentation of the oldest layer and progressing 
to the present. The following steps summarize the workflow of the PetroMod modeling 




Deposition: layers are created on the upper surface during sedimentation or are removed 
during erosion. Depositional thickness can be calculated by several methods: porosity-
controlled backstripping, importation from structural-restoration programs and estimation 
from sedimentation rate and depositional environment (Hantschel et al, 2009). 
 
Pressure calculation and compaction: the pressure calculation treats dewatering as a one-
phase flow problem driven by changes in overburden weight caused by sedimentation. 
Compaction causes changes in many rock properties, including porosity, density, conductivity 
and heat capacity. Therefore, pressure and compaction calculation must be performed before 
heat-flow analysis in each step (Hantschel et al, 2009). 
 
Heat flow analysis: the goal of heat-flow analysis is temperature calculation, a prerequisite 
for determining geochemical reaction rates. Heat conduction and convection from below as 
well as heat generation by emissions from naturally occurring radioactive minerals must be 
considered. These basal heat-flow values are often predicted using crustal models in separate 
preprocessing programs or are interactively calculated from crustal models for each geologic 
event (Hantschel et al, 2009). 
 
Petroleum generation: the generation of petroleum from kerogen in source rocks, called 
primary cracking, and the subsequent breakdown of oil to gas in source or reservoir rocks, 
called secondary cracking, can be described by the decomposition kinetics of sets of parallel 
reactions (Hantschel et al, 2009). 
 
Fluid analysis: the fluid analysis step examines temperature and pressure dependent 
dissolution of hydrocarbon components in the fluid phases to determine fluid properties, such 
as density and viscosity, for input to fluid flow calculations. These properties are also 
essential for subsequent migration modeling and calculation of reservoir volumetrics 
(Hantschel et al, 2009). 
 
Fluid-flow calculations: there are several fluid-flow approaches to model migration of 
generated hydrocarbons from source rock to trap. For example, Darcy flow describes 
multicomponent three-phase flow based on the relative-permeability and capillary-pressure 
concept. Alternatively, migration and accumulation can be modeled by invasion percolation in 
the PetroMod software (Hantschel et al, 2009). 
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Reservoir volumetrics: The height of a petroleum accumulation is limited by the capillary 
entry pressure of the overlying seal and the spill point at the base of the structure. Loss at the 
spill point and leakage through the seal reduce the trapped volume. Other processes, such as 
secondary cracking or biodegradation, can also impact the quality and quantity of 
accumulated petroleum (Hantschel et al, 2009). 
 
Calibration parameters: it is possible to predict rock temperature, vitrinite reflectance 
values and concentration ratios of molecular fossils (biomarkers) using models based on 
Arrhenius-type reaction rates and simple conversion equations. These temperature-sensitive 
predictions can be compared with measured data to calibrate uncertain thermal input data, 
such as paleoheat-flow values (Hantschel et al, 2009). 
 
Risk: numerical models, including basin and petroleum system models, provide scenarios for 
what might happen given various constraints on the input data (Peters 2009). The impact of 
uncertain data can be studied by multiple simulation runs with varying model parameters. 
Assignment of varying parameters and the corresponding impact on the model can be 
performed with statistical methods, such as Monte Carlo simulations. These simulations do 
not provide a unique answer, but rather a range of possible outcomes with estimates of 
uncertainty. Final outcomes are mainly scenario probabilities and confidence intervals 
(Hantschel et al, 2009). 
 
5.4. WELL LOGS AND SEISMIC INTERPRETATION 
 
Discussion of the Albian-Oligocene interval in this research is fundamentally restricted to 
subsurface data (Figs. 9 and 10). Well log information, core-cuttings descriptions, and 
accompanying seismic data (2D and 3D surveys) were chosen for study. The well log 
interpretation was performed based on nine wells with a basic dataset including gamma ray, 
sonic, neutron-density pair, and resistivity curves supervised with cuttings and core 
descriptions. Through the interpretation of the mentioned well logs the set of lithologies 
presented in the study area were identified; varying from siliciclastic to carbonate facies. 
Regarding the seismic interpretation, the well-seismic tie processing was the first step in order 
to allow well data, measured in units of depth, to be compared to seismic data, measured in 
units of time. In the current research, it was use time-depth tables and check shots merged 
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with density and sonic logs to developed synthetic seismograms. The synthetic traces were 
compared to the real seismic data of the research area collected near the well sections. The 2D 
and 3D seismic surveys provided by the ANP afford good quality and sufficient seismic 
definition that allowed the characterization of the stratigraphic framework in the study area. 
Data quality deteriorates near the evaporitic sequence and in the pre-salt section, whereas salt 
tectonics makes challenging the robust seismic interpretation. We used seismic attributes 
(structural and stratigraphic) available in the library of Petrel 2013, supporting the robust 
seismic interpretation and enhancing the seismic visualization in areas with low seismic 
quality. After the mentioned steps and taking into account the stratigraphic horizons 
interpreted in the seismic sections, structural maps were developed, pointing to understand the 
spatial distribution of the Albian-Oligocene interval in the research area. All the mentioned 
information were processed and incorporated into a multidisciplinary framework 
(stratigraphy, sedimentology and geochemistry) to enable mapping of the distribution of the 
various source-rocks properties in geological and geographic terms within the Eastern Marlim 





















6.1. SOURCE ROCK CHARACTERIZATION 
 
6.1.1. Source Rock Potential and Maturation 
 
The first stage of the source rock characterization is to identify its source rock potential 
and maturation. The organic matter type determines the type of product that will predominate 
during transformation and will produce different types of kerogen. 
In this study, we identified different types of kerogen-based on Oxygen index vs Hydrogen 
Index-Van Krevelen diagram (Fig. 14) and kerogen quality diagram based on Total Organic 
Carbon (%TOC) vs Remaining hydrocarbon potential (S2 parameter from Tmax) (Fig.15) for 
the Albian-Oligocene sequences (Macaé Group, Ubatuba and Carapebus formations). 
 
 
Figure 14. Petroleum geochemical characterization – Kerogen type of Albian-Oligocene 
sedimentary sequences. 
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The Macaé Group (Albian-Cenomanian) exhibit kerogen type I and II, related with marine 
biodegraded algal and sometimes mixed with terrestrial or lacustrine algae/higher plant 
components, indicating predominantly oil-prone kerogen (Fig. 14 and 15). 
The Ubatuba Formation (Senonian-Eocene) is constituted mainly by kerogen type II and 
III. The kerogen mixtures of type II and type III kerogen, it was observed in the majority of 
deepwater source rocks in the world (Hunt, 1996; Mukhopadhyay et al. 2003), forming 
mainly light oil, condensate, and gas kerogen (Fig. 14 and 15).  
Finally, the Carapebus Formation (Oligocene-Miocene) show predominantly kerogen type 
III, related as well with the mainly terrestrial organic matter, proposing gas-prone kerogen 
(Fig. 14 and 15). 
 
 
Figure 15. Petroleum geochemical characterization – Kerogen quality of Albian-Oligocene 
sedimentary sequences. 
 
Regarding the thermal maturity of the organic matter, the Albian-Oligocene sedimentary 
sequences in the study area exhibit a variable range from immature to mature for hydrocarbon 
generation potential. The Macaé Group (Albian-Cenomanian) has a variable thermal maturity, 
which ranges from immature to the oil window (430-435°C Tmax parameter), with good 
potential for generation of oil and gas, predominantly oil prone potential (Fig. 16). As well, in 
the Ubatuba Formation (Senonian-Eocene) the thermal maturity of the organic matter varies 
from immature to the oil window (425-435°C Tmax parameter); having a good potential for 
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generation of oil and gas, mainly gas prone potential (Fig. 16). Lastly, the Carapebus 
Formation (Oligocene-Miocene) has the most limited potential of the studied sequences, 
taking into account that the thermal maturity of the organic matter displays immature stages 
for oil and gas generation (425-430°C Tmax parameter), indicating that it is not possible to 
generate any kind of hydrocarbon compounds (Fig. 16). 
 
 
Figure 16. Petroleum geochemical characterization – Kerogen type and maturity of Albian-
Oligocene sedimentary sequences. 
 
 
The source rock characterization was developed for all the available oil wells with petroleum 
geochemistry data and it was identified the main characteristics regarding source rock 
potential and maturation patterns for the Albian-Oligocene sequence through geochemical 
logs. (Apendix A - I).  
43 
Additionally, histograms were developed aiming to identify the occurrence and variability 
of the petroleum geochemical data for all the available wells in the Albian-Oligocene 
sequences of the Eastern Marlim oilfield. The %TOC histogram (Fig. 17) shows that most of 
the information are located between 0.5 and 1.25 %TOC in wt., which would indicate that 
these samples possess an acceptable amount of organic matter. In addition, there are few data 
with a large distribution of values between 1.25 and 4.7 %TOC in wt., which would indicate 
that some rocks have good to excellent amounts of organic matter. 
 
 
Figure 17. Total Organic Carbon histogram (%TOC in wt.). 
 
 
The remaining hydrocarbon potential (S2 parameter from Tmax) histogram (Fig. 18) 
shows that most of the data are located between 1 and 4 mg/g rock, indicating that these 
samples have poor to acceptable hydrocarbon generating potential. In addition, few data are 
located between values ranging from 5 to 20 mg/g rock, which would indicate that some rocks 




Figure 18. Remaining hydrocarbon potential (S2 parameter from Tmax) histogram (S2 mg/g 
rock). 
 
The Hydrogen Index (HI) histogram (Fig. 19) indicates that the majority of the data are 
located between 50 and 180 mg HC/g TOC, indicating that these samples could be generating 
mainly gas if the temperature conditions are still present. Furthermore, some data are found 
with a large distribution of values between 200 and 700 mg HC/g TOC that would indicate 




Figure 19. Hydrogen Index histogram (HI, mg HC/g TOC). 
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The Tmax histogram (Fig. 20) indicates that most of data are situated between 410 and 440 
°C, indicating that these samples vary from immature to early mature. Additionally, some data 
are found in values between 300 and 435 °C showing that these rocks are in immature stage 
or had ineligible values related with laboratory mistakes.   
 
 
Figure 20. Maximum Temperature histogram (Tmax values, °C). 
 
The Vitrinite Reflectance %Ro histogram (Fig. 21) indicates that most of data are situated 
between 0.4 and 0.6 %Ro, indicating that these samples vary from immature to the early 
mature oil window. Additionally, some data are located in values ranging between 0.1 and 0.4 
%Ro showing that these rocks are in an immature thermal stage. Few data are located 
between 0.65 and 0.7 %Ro displaying that a small number of samples could be in the peak of 
oil generation.   
 
 
Figure 21. Vitrinite Reflectance histogram. 
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6.1.2. Organic Facies 
In the current research organic facies modeling was used aiming to characterize the type 
and occurrence of organic matter within the Albian-Oligocene sedimentary sequences (Macaé 
Group, Ubatuba and Carapebus formations) in the Eastern Marlim oilfield in the Campos 
Basin, Brazil, based on the concept of organic facies as defined by Jones & Demaison (1982) 
and Tyson (1995). By using bulk rock petroleum geochemistry data (%TOC, HI, OI, %Ro, S2 
and Tmax parameter), well logs analysis, core and cuttings information the principal organic 
facies across the study area was identified. 
 
Consequently, it was developed a mapping of the lateral variations of organic facies based 
only on organic geochemical data taking into account that petrographic information was 
unavailable in the development of the current research project. In this way, it was possible to 
identify the lateral continuity of a given organic facies in across nine wells in the Eastern 
Marlim oilfield. The organic facies could be compared as a horizon that supports to identify 
greater or lower hydrocarbon generative potential beyond of a simple assessment of the 
quantity (Total Organic Carbon content), quality (Kerogen Type) and thermal maturity 
(Vitrinite reflectance and Tmax parameter profiles) of the organic matter. Therefore, an 
organic facies modeling was developed mapping spatially and temporally the identified 
organic facies across the study area to finally express areas of highest hydrocarbon source 
potential aiming to improve the hydrocarbon generative potential of the Macaé Group 
(Albian-Cenomanian), Ubatuba (Senonian-Eocene) and Carapebus (Oligocene-Miocene) 
formations in the Eastern Marlim oilfield (Fig. 22). 
 
6.1.2.1. Macaé Group (Albian-Cenomanian):  
The Macaé Group displays different lithofacies in the study area showing that is 
mainly composed by marls, calcareous shales and shales with high degree of variability 
regarding organic facies distribution in the Eastern Marlim oilfield (Fig. 23). In this way, it 
was possible to identify different organic facies varying with depth from organic facies AB to 
CD. The best organic facies were found at the top of the Macaé Group varying from AB to C 
from algal/marine-rich organic facies AB to more diffuse organic facies C, which is consistent 
with the progressive and accentuated rise of relative sea level and better water circulation in 
relation with the top of the Macaé Group (Guardado et al., 1989). At the mid part of the 
Macaé Group, organic facies B to CD can be found with more predominance of organic facies 
C and CD related with more terrestrial and possible oxidized organic matter input. At the base 
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or this formation, organic facies C to CD are more predominant related with more terrestrial, 
oxidized and reworking organic material. In this way, it was concluded that the best organic 
facies can be found in the upper part of the Macaé Group (Facies AB to BC) and the lowest 
concentrations and occurrence of organic matter (organic facies C to CD) are located towards 
the mid and lower portion of this formation. Finally, the lowermost accumulation of organic 
matter were attributed to significant siliciclastic dilution observed in the wells located in the 
southern and eastern portion of the Eastern Marlim oilfield. Finally, lateral variations 
regarding lithofacies and organic facies controls the performance of the hydrocarbon 
generative potential of the Macaé Group in the research area. 
 
 


















6.1.2.2. Ubatuba Formation (Senonian-Eocene):  
The organic facies for the Ubatuba Formation also vary with depth from organic facies 
C to D associated with shales and marls in the Eastern Marlim oilfield (Fig. 24). The organic 
facies C are located at the top of the Ubatuba Formation related with terrestrial organic matter 
possibly oxidized. The organic facies CD and D were found at the mid and lower portion of 
this formation associated with continental and oxidized/reworking organic matter. These can 
be explain taking into account the action of sedimentary gravitational flows that allows 
finding continental organic matter input in the Ubatuba Formation. As well as the Macaé 
Group, the Ubatuba Formation displays lateral variations of both lithofacies and organic 
facies in the study area. In addition, it was concluded that significant siliciclastic dilution 
affected the accumulation of organic material affecting as well the hydrocarbon potential of 
the Ubatuba Formation in the research area. 
 
6.1.2.3. Carapebus Formation (Oligocene-Miocene):  
Regarding the Carapebus Formation, the organic facies modeling suggests that different 
organic facies can be found varying with depth from organic facies BC to CD (Fig. 25). As 
well as the Macaé Group and Ubatuba Formation the best organic facies (organic facies BC 
and C) are located at the upper portion of this formation associated with a mixing between 
marine and terrestrial organic matter. The organic facies C and CD were found at the base of 
the Carapebus Formation related with more diffuse continental organic matter input. Depicted 
the Carapebus Formation is linked as a reservoir rock some fine grained levels related with 


























6.1.3 Distribution of the quantity, quality and maturity of the organic matter 
 
The current configuration of the study area embraces the presence of multiple organic-rich 
beds of Cretaceous and Tertiary age that have complemented suitable conditions for 
hydrocarbon generation from areas where such source facies have achieved adequate thermal 
maturity. 
 
On this basis, the spatio-temporal distribution of source rock properties was establishing 
such as organic matter content (%TOC), hydrocarbon-generating potential (HI and S2 
parameter from Pyrolysis Rock-Eval data), thermal maturity (Tmax parameter from Pyrolysis 
Rock-Eval data and %Ro calculated from Tmax) and stratigraphic thicknesses (meters) for 
Albian to Oligocene potential source rocks, which may have reached the hydrocarbon 
window.  
 
6.1.3.1. Albian-Cenomanian Sequence (Macaé Group): 
 
The Albian-Cenomanian source rocks of the Macaé Group, according with our data present 
a thickness distribution that varies between 170 meters to 600 meters depth, with higher 
accumulations in the northern and southern portions of the Eastern Marlim oilfield. 
 
In addition, the Macaé Group exhibits a stable good potential of organic matter content 
(%TOC ranging from 2 to 3 %wt, and HI from 420 to 670 mg HC/g TOC), with the most 
promising features for oil generation in the northern part of the study area. The thermal 
maturity of the organic matter exhibits a variable potential, which ranges from immature to 
the oil window (Tmax 410-444°C and %Ro calculated 0.4-0.8%), with favorable conditions 
for oil and generation, as well to the north of the research area. 
 
Finally, the hydrocarbon potential estimated with the S2 parameter of the Rock-Eval 
pyrolysis displays good to excellent conditions (S2 8-20 mg/g rock) for oil generation for the 







Figure 26. Source rock characterization at the Macaé Group (Albian- Cenomanian)
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6.1.3.2. Senonian-Eocene Sequence (Ubatuba Formation): 
The petroleum geochemical characterization of the Senonian-Eocene sediments 
corresponding to the base of the Ubatuba Formation displays a thickness distribution varying 
between 63 meters to 318 meters with greater thicknesses towards to the south of the study 
area.  
The organic matter content is variable from poor to good (%TOC 0.2-1.5, %wt.), 
displaying oil and mainly gas prone facies (HI 82-398 mg HC/g TOC) with a relative 
improvement for hydrocarbon potential in the center of the Easter Marlim oilfield. The 
thermal maturity of the analyzed sequence ranges from immature to the oil window (Tmax 
400-445°C and %Ro calculated 0.3-0.67%), with favorable conditions for oil/gas generation 
to the center of the research area.  
Finally, the hydrocarbon potential of the Ubatuba Formation varies from fair to good (S2 
1-5 mg/g rock); shown mainly gas-prone facies with a relative improvement in oil potential in 
the center portion of the study area. Good properties appear to be maintained further to the 
north of the research area (Fig. 27). 
 
6.1.3.3. Oligocene-Miocene Sequence (Carapebus Formation): 
The Carapebus Formation (Oligocene-Miocene), displays the most constant but smaller 
thicknesses of the studied sequences, varying between 40 meters to 107 meters, with bigger 
accumulations to the north of the study area.  
It has the best conditions for hydrocarbon generation toward the north (%TOC 0.6-0.9, 
%wt. and HI 75-325 mg HC/g TOC), but shows the lowest potential of the analyzed 
stratigraphic sequences with a stable poor to the fair potential for oil and gas generation. 
Regarding the thermal maturity of the organic matter, the Carapebus Formation is the most 
immature of the examined formations (Tmax 411-432 °C, %Ro cal. 0.3-0.62%) varying from 
immature to the early oil window.   
Finally, the hydrocarbon potential estimated from the S2 parameter of the Rock-Eval 
pyrolysis indicates that this formation has fair gas/oil prone facies (S2 1.2-2.45 mg/g rock) 












Figure 28. Source rock characterization at the Carapebus Formation (Oligocene-Miocene). 
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In conclusion, for the Albian-Cenomanian source rocks the distributions of TOC (%), HI 
(mg HC/g TOC), the S2 parameter (mg/g rock) and thickness (meters) varies from poor to 
excellent. The accumulation and preservation of the organic matter for the Macaé Group is 
principally controlled by faulting and carbonates shoals. Likewise, for the Senonian-Miocene 
source rocks distributions of TOC (%), HI (mg HC/g TOC), the S2 parameter (mg/g rock) and 
thickness (meters) varies from poor to good. The accumulation and preservation of the 
organic matter is affected by intense halokinesis and the kerogen type is related with 
terrestrial organic matter, indicating sedimentary gravitational flows caused by the turbidite 
deposits. The lowest concentrations were attributed to significant siliciclastic dilution taking 
place mostly toward the south, whereas, these properties along with thermal maturity levels 
for hydrocarbon generation indicated by Rock-Eval Tmax parameter (°C) and vitrinite 
reflectance calculated from the Tmax parameter (%Ro), suggest the occurrence of local 
generation pods in the northern portion of the study area. 
 
The present integrated approach reveals that for the Albian-Oligocene deposits, the key 
geochemical properties required to develop hydrocarbon source kitchens converge in specific 
locations. Lateral variations in both lithofacies and organic facies are the main conditions 





















Figure 29. 3D visualization of Albian-Oligocene sedimentary sequences in the study area, showing to the north the location of a possible 
hydrocarbon kitchen and to the south displaying the lateral variations in lithofacies and organic facies as the main conditions controlling the 




6.2. WELL LOG AND SEISMIC INTERPRETATION 
 
Seismic and well log interpretation was performed based on a 3D seismic cube, five 2D 
seismic lines and nine wells with well logs and organic geochemistry data. Quality control 
was carried out in both (well logs and seismic lines) and check shot and time-depth tables 
were used to developed the seismic-well tie processing for a more accurate geological 
interpretation. 
 
The seismic interpretation was developed in order to establish the primary seismic horizons 
of the study area, as well as to determine the continuity and the stratigraphic thickness of the 
Albian-Oligocene sequence in the study area (figures 30 and 31). In all seismic sections, a 
good lateral continuity and thickness of the formations of interest could be observed. The 
stratigraphic thickness for the Macaé Group vary from 170 meters to 600 meters depth, for the 
Ubatuba Formation the thickness fluctuate between 63 meters to 318 meters, and for the 
Carapebus Formation  oscillate between 40 meters to 107 meters. 
 
Well log interpretation was performed aiming to determine lithological profiles based on 
Gamma Ray and Sonic well logs. Then, a stratigraphic correlation between the mentioned 
well logs with the petroleum geochemistry data (%TOC, S2, Ro) was carried out. In this way, 
different organic rich intervals at different depths were found. The best intervals with organic 
richness and adequate thermal maturity for hydrocarbon generation could be observed at the 
top and middle part of the Macaé Group. It is important to highlight that this interval has a 
very good continuity in the Eastern Marlim oilfield (approx. 18 km) as well as a very good 





Figure 30. 2D seismic interpretation of the seismic line 2 in the study area displaying: A) 





Figure 31. 2D seismic interpretation of the seismic line 5 in the study area displaying: A) 















Figure 32. Well section and stratigraphic correlation between well logs and petroleum geochemical data showing the lateral continuity and 
thickness of the Albian-Oligocene sequences (Macaé Group, Ubatuba and Carapebus formations) in the study area. The best interval with higher 
Gamma Ray response associated with great amounts of %TOC and adequate thermal maturity for hydrocarbon generation is located at the top 
and middle part of the Macaé Group. 
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Additionally, maps at the top of the Macaé Group (Fig. 33) and at the top of the salt (Retiro 
member – Lagoa Feia Formation) were developed (Fig. 34). These maps were created based 
on the 2D seismic interpretation. In this manner, towards to the north of the Eastern Marlim 
oilfield a structural depocenter associated with carbonates shoals it was identified. In the same 
area, the organic geochemistry data show very good conditions for hydrocarbon generation. 
These results indicate that in the northern portion of the study area a hydrocarbon kitchen 
could be located (Fig. 35) that exhibit a very good match with the distribution maps of the 
quantity, quality and maturity of the organic matter developed in the current research. 
 
 
Figure 33. Map at top of the Macaé Group. 
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At the top of the salt, the map shown structural highs and lows occasioned by carbonates 
shoals deposition in local areas that occurs at the middle and southern portion of the Eastern 
Marlim oilfield. This interpretation could explain the low stratigraphic thickness found in the 
middle of the oilfield, as well as the decrease in geochemical properties such as thermal 
maturity (Tmax and %Ro), quantity (%TOC) and quality (S2 parameter) of the organic matter 
at the Macaé Group in the study area. (Fig. 34). 
 
 




Figure 35. Possible hydrocarbon kitchen located in the northern portion of the Eastern 













6.3.  PETROLEUM SYSTEMS MODELING 
 
In this study, using 2D and 3D seismic data combined with well log information the 
seismic interpretation was performed in order to understand the stratigraphic and structural 
setting of the Eastern Marlim oilfield. Integrating geophysical, petroleum geochemical and 
geological data the 1D and 2D petroleum system modeling were developed in order to 
understand the petroleum systems of the study area. 
6.2.1 One Dimensional (1D) Petroleum Systems Modeling: 
The one-dimensional petroleum system modeling were developed in nine wells (Appendix 
J to R) aiming to identify different aspects such as burial and thermal histories, hydrocarbon 
charge, transformation rate and hydrocarbon generation.  
 
6.2.1.1. Albian-Cenomanian Sequence (Macaé Group): 
The one-dimensional petroleum system modeling of the Albian-Cenomanian sequence 
(Macaé Group), established different aspects about the burial or thermal histories, 
hydrocarbon charge, and migration histories of the Eastern Marlim oilfield. The results 
indicate that the Albian-Cenomanian source rocks in the research area are at different levels 
of maturity ranging from the early oil window to mature for hydrocarbon generation (Fig. 36). 
In addition, the 1D results indicate that the source rocks of the Macaé Group have the 
capability of generating, both oil and gas hydrocarbons. The timing of hydrocarbon 
generation, expulsion, migration and accumulation commenced from Early Cretaceous 
(Albian) and continues up to the present day. The generation of hydrocarbons is considerably 
affected by the onset of uplift, halokinesis activity, and erosional events as reflected in the 
models (Fig. 36). The burial and thermal histories of the wells investigated suggest that the 
transformation rate varies from 35-55% for the Albian-Cenomanian sequence, suggesting that 
the sediments from the Macaé Group have attained the liquid and vapor phases of 
hydrocarbon generation (Fig. 36).  
 
6.2.1.2. Senonian-Eocene Sequence (Ubatuba Formation): 
The results obtained from the one-dimensional petroleum system modeling for the 
Senonian-Eocene source rocks in the Eastern Marlim oilfield exhibit different levels of 
maturity ranging from immature to mature for hydrocarbon generation. The Ubatuba 
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Formation has the capability of generating, both oil and gas hydrocarbons, with more 
promising features for a gas generation (Fig. 37). The timing of hydrocarbon generation, 
expulsion, migration and accumulation commenced from Late Cretaceous (Maastrichtian) and 
continues up to the present day. As well as the Macaé Group, the generation of hydrocarbons 
is considerably affected by the onset of uplift, halokinesis, and erosional events as reflected in 
the models (Fig. 37). The burial history of the Senonian-Eocene Sequence proposes that the 
transformation rate varies from 21-53%, signifying that the sediments from the Ubatuba 
Formation have attained as well the liquid and vapor phases of hydrocarbon generation (Fig. 
37). 
 
6.2.1.3. Oligocene-Miocene Sequence (Carapebus Formation): 
1D Petroleum system modeling for the Carapebus Formation (Oligocene-Miocene) 
predicts fair to good hydrocarbon potential. The thermal and maturity levels for Oligocene-
Miocene source rocks in the Eastern Marlim oilfield exhibit immature to early oil window 
stages (Fig. 38). The results obtained in the current research indicates that the Carapebus 
Formation have the capability of generating mainly gas taking into account that this formation 
has gas prone organic facies. The timing of hydrocarbon generation, expulsion, migration and 
accumulation commenced from Neogene (Miocene) and continues up to the present day. The 
generation of hydrocarbons is considerably affected as well by the onset of uplift, halokinesis, 
and erosional events as reflected in the models (Fig. 38). The burial and thermal histories of 
the wells investigated suggest that the transformation rate varies from 10-18% for the 
Oligocene-Miocene sequence, proposing that the sediments from the Carapebus Formation 
















Figure 36. Calibration data, burial and thermal history, transformation rate and generation 










Figure 37. Calibration data, burial and thermal history, transformation rate and generation 









Figure 38. Calibration data, burial and thermal history, transformation rate and generation 





6.2.2 Two Dimensional (2D) Petroleum Systems Modeling 
 
Two-dimensional petroleum systems modeling was essential for geological assessments 
related with generation, migration and accumulation of hydrocarbons through geological time 
based on 2D and 3D seismic data in the study area. We used petroleum geochemical 
information from the literature (Guardado et al. 2000) regarding the Lagoa Feia Formation to 
analyze its petroleum generative potential. From the Macaé Group, Ubatuba and Carapebus 
formations, we used the dataset provided by the ANP. As a result, the 2D petroleum system 
modeling reconfirmed the hydrocarbon generation potential of the Lagoa Feia Formation. As 
well, it was identified that the Macaé Group has the capacity to generate hydrocarbons in the 
Eastern Marlim oilfield. Instead, the Ubatuba and Carapebus formations are source rocks that 
seem to hold very great potential in the study area (Good total organic content (%TOC) and 
high Hydrogen index (HI)), it does not seem to be matured enough to generate hydrocarbons. 
The Lagoa Feia Formation generates hydrocarbons that have breached the boundaries of the 
seal (thick salt layers) and migrated along normal listric faults bounding the seal into the 
Carapebus Formation where migration is mainly lateral. On the other hand, the migration 
pathways of the Macaé Group are mainly upwards (vertical) and lateral to the reservoirs of the 
Carapebus Formation (Fig. 39). 
 
 
Figure 39. 2D petroleum systems modeling showing migration pathways in the Eastern 
Marlim oilfield. 1- ) migration pathways of the Lagoa Feia Formation, 2- ) migration 
pathways Macaé Group. 
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Therefore, 2D Petroleum system modeling calculates oil accumulations in pre-salt and 
post-salt reservoirs in the research area. Oil accumulations are predicted by the models in pre-
salt reservoirs due to the presence of an effective seal above the source rocks (thick salt layer) 
that occur approximately in 4500-4800 meters depth in the Coquerios Member of the Lagoa 
Feia Formation. In post-salt reservoirs, oil accumulations are present between 2500-2800 
meters depth in Tertiary sequences of the Carapebus Formation (Fig. 40).  
 
 
Figure 40. 2D petroleum systems modeling showing predicted hydrocarbon accumulations in 
the Eastern Marlim oilfield. 1-) oil accumulations predicted in the Lagoa Feia Formation, 2-) 
oil accumulations predicted in the Carapebus Formation. 
 
Hence, 2D petroleum systems modeling calculates a temperature model showing that 
Macaé Group presents temperatures since 60 °C to 90°C indicating the early oil stage to the 
maximum peak of the oil generation window at the base of this formation. For the Ubatuba 
and Carapebus formations, the temperature is about 45 °C to 75 °C showing that these 






Figure 41. Two-dimensional section illustrating the current calculated temperature in the 
Albian-Oligocene sequence of the Eastern Marlim oilfield. 
  
On the other hand, the thermal maturation model proposed in the current research based on 
Sweeney&Burnham Easy %Ro (1990) shown that the Macaé Group is located at top in the 
Early Oil window (0,55 – 0,70 %Ro) and at base is situated in the Main Oil window (0,70 – 
1,00 %Ro) with possibilities to generate oil and gas. For the Ubatuba and Carapebus 
formations the model indicates immature stages (0,00 – 0,55 %Ro) for both formations. In 
some parts at the base of the Ubatuba Formation could be located in the Early Oil window 
(0,55 – 0,70 %Ro) but the possibilities to generate oil/gas are restricted (Fig. 42). 
 
 
Figure 42. Two-dimensional section showing the maturation calculated at present based on 
vitrinite reflectance values (% Ro) based on Sweeney & Burnham (1990). 
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In conclusion, the results obtained from the two-dimensional petroleum systems modeling 
shown very good match with the oil accumulations already found in the Eastern Marlim 
oilfield.  As well, it is confirmed that the Lagoa Feia and Macaé Group are effective source 
rocks that have the capacity to generate hydrocarbons in the study area. 
 
7. FORWARD MODELING LIMITATIONS 
 
The principal limitations involved in the current research project were related with the 
available dataset and software modeling restrictions. 
First, the small number of oil wells with organic geochemistry information in the Eastern 
Marlim oilfield limited the development of the current research project. As well, only few oil 
wells reached the depth of the Lagoa Feia Formation and Macaé Group. This constraint 
caused uncertainty and restricted the petroleum geochemical characterization and petroleum 
systems modeling in the research area. 
Secondly, only two oil wells (well 2 and well 6) had measured vitrinite reflectance data. 
For the others oil wells the vitrinite reflectance profiles were calculated from the conversion 
formula (calculated Ro = 0.0180 x Tmax - 7.16) generated from Jarvie et al., in 2001.This 
values could generate some uncertainties in the data, despite the good correlation between the 
%Ro profiles measured vs Tmax values. 
The results obtained by the analysis of organic facies from organic geochemistry data can 
be supported with analysis of palynofacies to strengthen the results since many authors use 
the two techniques to make broader and more rigorous conclusions. 
The lack of a 3D seismic volume that occupies the entire area of the Eastern Marlim 
oilfield limited the generation of a 3D petroleum systems modeling and thus improve the 
visualization and understanding of the study area. 
The most important limitation was not having biomarkers information that would have or 
would have not supported the hypothetical Macaé-Carapebus (.) petroleum system through 





The present integrated study analyzed the source rock potential, hydrocarbon generative 
potential and petroleum systems modeling in the Macaé Group (Albian-Cenomanian), 
Ubatuba (Senonian-Eocene) and Carapebus formations in the Eastern Marlim oilfield, located 
in the Campos Basin in the offshore of Brazil. The source rock characterization showed that 
the Macaé Group (Albian-Cenomanian) exhibit predominantly kerogen type I and II, 
indicating predominantly oil prone facies, displaying a variable range of thermal maturity that 
varies from immature to the oil window (430-435°C Tmax parameter), with good potential for 
generation of oil and gas, predominantly oil prone potential.  Instead, the Ubatuba Formation 
(Senonian-Eocene) revealed is mainly constituted by mixtures of kerogen type II and III, with 
a  thermal maturity of the organic matter that varies from immature to the oil window (425-
435°C Tmax parameter); having as well good potential for generation of oil and gas, mainly 
gas prone potential. Lastly, the Carapebus Formation (Oligocene-Miocene) presented 
predominantly kerogen type III, proposing gas prone organic facies, showing the most limited 
potential of the studied sequences, taking into account that the thermal maturity of the organic 
matter displays immature stages for oil and gas generation (425-430°C Tmax parameter). 
 
One dimensional (1-D) modeling was used for the initial assessment of the burial and 
maturation histories of the Albian-Oligocene sequences (Macaé Group, Ubatuba and 
Carapebus formations) in the study area. As a result, the 1D-petroleum systems modeling for 
the Albian-Oligocene sequences provide a basic framework to calculate and predict 
temperature, hydrocarbon charge, migration through geological time and the assessment of 
hydrocarbon saturation. From such outcomes, the timing for generation was obtained as well 
as the depth at which the various source facies entered the hydrocarbon window. It was 
identified that approximately the top of the mature zone in the Eastern Marlim oilfield is 
around 3300 to 4100 meters (base Ubatuba Formation and top of the Macaé Group 
respectively). In addition, immature levels with good to very good amounts of organic matter 
and good hydrocarbon potential occur around 2800-3000 meters approximately (base 
Carapebus Formation and top of the Ubatuba Formation respectively) with predominance of 
kerogen type II and III. As a conclusion, the Macaé Group and Ubatuba Formation has the 
capability of generating, both oil and gas hydrocarbons based on the one dimensional 
modeling, in contrast with the Carapebus Formation that has a limited potential for 
hydrocarbon generation with the capability of generating mostly gas. 
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Additionally, two-dimensional (2-D) petroleum systems models were developed aiming to 
determine the migration fairways, the relationship between migration and accumulation 
within the reservoirs, reservoir conditions, seal rock stability and entrapment of hydrocarbons 
in the potential reservoirs. It was concluded by 2D-petroleum system modeling that oil 
accumulations can be predicted in pre-salt and post salt reservoirs in the study area. The 
Lagoa Feia Formation and Macaé Group are the effective source rocks that have the capacity 
to generate hydrocarbons in the Eastern Marlim oilfield. Oil accumulations predicted by 2D 
models in pre-salt reservoirs occurred in the Coquerios Member of the Lagoa Feia Formation. 
In post-salt reservoirs, the 2D petroleum systems models predict oil accumulations in Tertiary 
sequences of the Carapebus Formation (Oligocene-Miocene). 
 
At least two different petroleum systems (potentially) are present in the Eastern Marlim 
oilfield. Based on the results obtained in the present research, it was re-affirmed that the 
lacustrine shales of the syn-rift Lagoa Feia Formation are mature enough to generate oil 
and/or gas in the study area. On the other hand, the results obtained in the current research 
revealed that the Macaé Group could in turn produce oil and gas in the Eastern Marlim 
oilfield. In this way, the Macaé-Carapebus (.) petroleum system could be as well responsible 
for the hydrocarbon accumulations in the research area.  
 
This research reveals that the hydrocarbon generating potential of the various source rocks 
investigated of Albian to Oligocene age (Macaé Group, Ubatuba and Carapebus formations) 
expose a generalized increase to the north and a rapid depletion toward the south of the study 
area, where dilution of the organic material by siliciclastic sediments played a major role in 
the preservation of the source rock properties. The results obtained in the present research 
establish that the Macaé Group is locally mature to generate oil and/or gas. In addition, the 
Ubatuba and Carapebus formations are likely to generate oil and/or gas as well, but due to the 
relatively low maturity, it is difficult to establish that these rocks can be active source rocks in 
the study area. 
 
Additionally, the current research establishes consequent source-rock potential, maturation 
patterns and hydrocarbon generative potential suggesting that the Lagoa Feia-Carapebus (!) 
petroleum system could be not the unique petroleum system responsible for the petroleum 
charge in the study area. The Eastern Marlim oilfield is considered as a single reservoir 
composed of several pools with different types of oil because of the combination of 
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biodegradation and, at least, two phases of oil migration (Candido et al., 1992). In this way, it 
is possible to suggest that a mixing between oils generated from the Lagoa Feia Formation 
and Macaé Group can be found. The oil generated from the pre-salt Lagoa Feia Formation 
migrates across normal listric faults to the post salt reservoirs of the Carapebus Formation; as 
well as oils generated by the Macaé Group migrates vertically and laterally within the 
reservoirs rocks of the Carapebus Formation until the potential traps were reached. Finally, in 
the light of the present results it is mandatory and recommendable to developed oil-oil, oil-
source rock correlations, biodegradation and biomarkers analysis to support the results 
obtained in the current research aiming to establish that the Macaé-Carapebus petroleum 
system could be a proven/known petroleum system in the study area. 
 
Comparing the results obtained in this research with the Albian-Cenomanian sequence of 
the adjacent Santos Basin it can be observed that a very good correlation between the results 
obtained by Chang et al., (2008) and by Balbinot (2012) with those of the present 
investigation exits. For the mentioned authors the average %TOC is 1 %TOC in wt and 2.72 
%TOC in wt, respectively. For the current investigation the average %TOC for the same 
interval is 2.24 %TOC in wt. 
 
Regarding the average S2, the values of this investigation are much higher than those 
calculated by Chang et al., (2008) and by Balbinot (2012) (2.19 mg/g rock and 2.34 mg/g 
rock respectively); the average S2 of this investigation was calculated in 12.26 mg/g rock, 
which could indicate that these intervals may have more hydrocarbon potential for oil and/or 
gas generation. 
 
The type of kerogen found by the cited two authors according to the Van Krevelen diagram 
is kerogen type 2 and 3. Our data differed with the kerogen type since for this study kerogen 
type 1 and 2 were identified. According to the Tmax and % Ro data of Balbinot (2012), these 
values correlate with ours, since there is a transition between the immature and mature zone 
for hydrocarbon generation. 
 
Chang et al., (2008) concluded that the lower range of the sequence is in the initial states 
of thermal maturity, being able to present hydrocarbon expulsion conditions in localized lows, 
adjacent to the large domes and salt diapirs, which has a good correlation with the results 
obtained in the present investigation. 
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Regarding the studies carried out by the ANP, it was found that the Macaé Group and in 
some extent the Ubatuba Formation may have low but still significant hydrocarbon generation 
potential, which correlates with the results obtained in the current research, although more 



























The Albian-Cenomanian source rocks investigated (Macaé Group, Ubatuba and Carapebus 
formations) in the current research display a variable hydrocarbon potential ranging from poor 
to excellent, suggesting the occurrence of local generation pods in the northern portion of the 
study area. It was recognized that the lowest concentrations of organic carbon were attributed 
to significant siliciclastic dilution taking place mostly toward the middle and southern portion 
of the Eastern Marlim oilfield. These fluctuations should have been related to lateral 
variations in both lithofacies and organic facies being the main conditions controlling the 
behavior of the petroleum potential in the sediments investigated.  
 
Petroleum systems modeling (1D and 2D) provided a basic framework to calculate and 
predict temperature, hydrocarbon charge, migration and accumulation through geological time 
and the assessment of hydrocarbon saturation. It was concluded that oil accumulations can be 
predicted in pre-salt and post-salt reservoirs in the study area.  
 
Additionally, the current research indicates that the Macaé Group (Albian-Cenomanian) has 
enough source-rock potential, maturation patterns, and hydrocarbon generative potential to be 
considered as an active source in the Eastern Marlim Oilfield suggesting that the Lagoa Feia-
Carapebus (!) petroleum system could be not the unique petroleum system responsible for the 
petroleum charge in the Eastern Marlim Oilfield. In this way, the Macaé-Carapebus petroleum 
system (.) could be as well responsible for the petroleum charge in the research area. 
 
Finally, it is required and recommendable to develop a positive oil–source rock or gas–source 
rock correlation to support the results obtained in the current research aiming to establish that 
the Macaé-Carapebus petroleum system (.) could be a proven/known petroleum system (!) in 
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